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Historical Perspectives 





A Centennial Celebration: 
Pasteur and the Modern Era of Immunization 


On July 6, 1885, Louis Pasteur and his colleagues in- 
jected the first of 14 daily doses of rabbit spinal cord sus- 
pensions containing progressively inactivated rabies virus 
into 9-year-old Joseph Meister, who had been severely 
bitten by a rabid dog 2 days before. This was the begin- 
ning of the modern era of immunization, which had been 
presaged by Edward Jenner nearly 100 years earlier. 

Pasteur’s decision to treat the child followed 4 years 
of intensive research, culminating in the development of a 
vaccine capable of protecting experimentally challenged 
rabbits and dogs. His decision was difficult: “The child’s 
death appeared inevitable. | decided not without acute 
and harrowing anxiety, as may be imagined, to apply to 
Joseph Meister the method which | had found consistent- 
ly successful with dogs” (7). The immuni.ation was suc- 
cessful; and the Pasteur rabies immunization procedure 

; was rapidly adopted throughout the world. By 1890, 
a there were rabies treatment centers in Budapest, Madras, 
Algiers, Bandung, Florence, So Paulo, Warsaw, Shang- 
hai, Tunis, Chicago, New York, and many other places throughout the world. 

The basic “Pasteur Treatment,” based on brain tissue vaccine with the addition of formal- 
dehyde, is still used in many countries of the world where rabies is prevalent. This treatment 
still involves immunizations given daily for 14-21 days, and it still carries the same risk of 
neurologic sequelae as in Pasteur’s day. In the United States and other developed countries, 
more potent, safer, but very expensive, cell culture-based rabies vaccines are combined with 
hyperimmune globulin for postexposure treatment. The efficacy of such regimens has been 
well proven. 

Another era in vaccine development is now beginning — an era based on the practical appli- 
cation of recombinant-deoxyribonucleic acid (DNA) technology and other novel genetic 
manipulations of rabies and other viruses and microorganisms. These new technologies prom- 
ise even more potent and safer vaccines, as well as lower costs, improved stability, and easier 
delivery throughout the world to people at risk. 

In celebrating the Pasteur centennial, the preeminent role of vaccines in the control of in- 
fectious diseases is recognized; as Rene Dubos stated: “Even granted that the antirabies 
treatment had saved the lives of a few human beings, this would have been only meager 
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return for so much effort .... It is on much broader issues that Pasteur’s achievements must 
be judged. He had demonstrated the possibility of investigating by rigorous techniques the in- 
fectious diseases caused by invisible, noncultivable viruses; he had shown that their path- 
ogenic potentialities could be modified by various laboratory artifices; he had established 
beyond doubt that a solid immunity could be brought about without endangering the life or 
health of the vaccinated person. Thanks to the rabies epic . . . immunization [has] become 
recognized as a general law of nature. Its importance for the welfare of man and animals is 
today commonplace, but only the future will reveal its full significance in the realm of human 
economy” (2). 

Reported by Div of Viral Diseases, Center for infectious Diseases, CDC. 
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Epidemiologic Notes and Reports 





Pertussis — Washington, 1984 


From January 1, to October 1, 1984, 162 cases of pertussis were reported from Seattle- 
King County, Washington (Figure 1). Before the outbreak, Seattle-King County's annual aver- 
age number of reported cases (1979-1983) was 12; the state averaged 40 cases. The peak 
in reported cases in August and September coincided with the institution of aggressive active 


surveillance. The Seattle-King County cases were classified as: (1) confirmed—positive 


FIGURE 1. Reported symptomatic pertussis cases, by week of onset of cough — Seattie- 
King County, Washington, January 1,-October 1, 1984° 
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nasopharyngeal culture with any respiratory symptom (30 cases); (2) probable — positive fluo- 
rescent antibody (FA) test with any respiratory symptom but without positive culture 
(79 cases); or (3) possible— symptomatic without other known cause plus exposure to a defi- 
nite or probable case but lacking laboratory confirmation (53 cases). Of the confirmed cases, 
23 (77%) were also FA positive. Of an additional 63 asymptomatic individuals with positive 
FA tests, one also yielded a positive culture. 

Twelve (7%) of the 162 patients were hospitalized; 10 of these were under 6 months of 
age. The hospitalization-to-case ratio among patients under 6 months of age was 45% 
(10/22). One 6-week-old patient had x-ray-documented pneumonia. No pertussis deaths 
were reported. The female-to-male ratio was 1.2:1. 

Thirty-three cases (20%) were among children under 1 year of age (Table 1); of these, 22 
children (67%) were under 6 months of age. Seventy-one (44%) cases occurred among pa- 
tients 7 years of age or older; 78 (48%) cases occurred among children 3 months to 7 years 
of age, a group that should have received at least one dose of pertussis vaccine. Of the 69 pa- 
tients 3 months through 83 months (6 years) of age with known immunization status, 34 
(49%) were appropriately immunized for their ages with diphtheria and tetanus toxoids and 
pertussis vaccine (DTP)* (Table 2). There were no significant differences between age groups 
in the proportion of patients appropriately immunized. Among patients 7 months through 83 


“Appropriately immunized for age if received: one dose by 3 months of age; two doses by 5 months of 
age; three doses by 7 months of age; four doses by 19 months of age; five doses by 5 years of age. 


TABLE 1. Age and cumulative percent distribution of confirmed cases and of all reported 
clinical cases — Seattle-King County, Washington, January 1,-October 1, 1984 





Confirmed cases All cases 
Age group No. (%) No. (%) 


< 6 mos (30) 22 ~=((14) 
6-11 mos. (40) 11 (20) 
1-4 yrs (70) 46 (49) 
5-9 yrs (77) 19 (60) 
10-14 yrs (83) 18 (72) 


> 15 yrs (100) 46 (100) 
Total 162 








TABLE 2. Age-appropriate immunization status* of reported clinical cases of pertussis 
with known immunization status, ages 3-83 months — Seattle-King County, Washing- 
ton, January 1,-October 1, 1984 





Age group Appropriately immunized 
(mos.) Cases No. (%) 








3-6 9 5 (56) 
7-18 20 10 (50) 
19-83 40 19 (48) 


Total 69 34 (49) 





“Age appropriate if received: one dost by 3 months of age; two doses by 5 months of age; three doses 
by 7 months of age; four doses by 19 months of age; five doses by 5 years of age. 


tinfants under 3 months of age are considered by default to be in compliance with recommendations of 
the Immunization Practices Advisory Committee. 
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months of age and, therefore, old enough to have received at least three doses of DTP, 42 
(70%) of the 60 with known immunization status had received three or more DTP doses. 

The following control measures were undertaken: (1) immunization of children was urged 
through the news media; (2) a physician's advisory was distributed advising immunization of 
previously inadequately immunized children under 7 years of age, encouraging consideration 
of pertussis in the differential diagnosis of illness with cough, and asking that cases be report- 
ed promptly; (3) in the outbreak setting, the primary DTP immunization schedule was acceler- 
ated, with the first three doses recommended at 1’, 2’, and 3’ months of age, compared to 
the usual practice of administration at 2, 4, and 6 months of age; (4) erythromycin treatment 
of suspected cases and prophylaxis of household contacts for 14 days was recommended 
regardless of contact age or immunization status (for those unable to tolerate erythromycin, 
trimethoprim/sulfamethoxazole was recommended); and (5) exclusion of patients from 
school or work until completion of 7 days or more of antibiotics was suggested. 

Three studies were conducted during the outbreak: 

Church group investigation. On August 29, questionnaires were completed for all 161 
members of the 44 households belonging to a church from which five probable pertussis 
cases had been reported. Two additional asymptomatic FA-positive members, one of whom 
was also culture-positive, had also been reported. Excluding the seven index members, speci- 
mens for FA smears and cultures were obtained from 93 (60%) members; 41 (44%) speci- 
mens were FA positive. Five percent of both FA-positive and FA-negative members had at 
least one respiratory symptom (Table 3). Aside from the one culture-positive index member, 
no other cultures were positive. 

One month later, follow-up questionnaires of the 88 asymptomatic members showed that 
18% and 24% of the FA-positive and FA-negative members, respectively, had developed res- 
piratory symptoms in the interim. Forty-three percent of 44 FA-positive members for whom 
prophylactic erythromycin were prescribed indicated compliance.t information was available 
on both symptoms and antibiotic compliance for 30 initially asymptomatic FA-positive mem- 
bers for whom an antibiotic was prescribed. There was no significant difference in the devel- 
opment of symptoms between those who complied (4/17) and those who did not comply 
(0/13) with antibiotic therapy (p = 0.09). 


tcompliance defined as a person who stated that the prescribed course of antibiotics was completed 


TABLE 3. Results of fluorescent antibody (FA) assay for Bordetella pertussis in persons 
with or without respiratory symptoms in a church group — Seattle-King County, Wash- 
ington, 1984 





FA(+) FA(-) Total 


Respiratory symptoms No. (%) No. (%) No. (%) 


Survey 1 — August 29 
Present (5) (6) (5) 
Absent (95) (94) (95) 


Total (100) (100) (100) 





Survey 2 — September 29 
Present (18) (24) (22) 
Absent (82) (76) (78) 


Total (100) (100) (100) 
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One or more members of 22 of the 44 households were FA positive. Specimens were 
available on all 69 household members of 19 of the 44 households. In these 19 households, 
FA-positive members were more likely to be grouped within a household than was expected 
by chance alone (p < 0.01). FA positivity was not related to age, sex, household size, pres- 
ence of small children in the household, church study group, previous disease history, expo- 
sure history, or vaccination status. 

Potential workplace occurrence of adult-to-adult transmission. Evidence for adult-to- 
adult transmission was sought in each of three consecutively reported indoor workplace situa- 
tions with a laboratory-positive pertussis case (one confirmed and two probable) and in a 
fourth workplace situation with a possible case. These workplace situations met the following 
criteria: (1) a symptomatic pertussis patient 18 years old or older; (2) one or more adults shar- 
ing the workplace; and (3) a workplace area the same size or smaller than an average school 
classroom area. The situations were a vanpool and three offices with eight, three, five, and 
seven persons, respectively, exposed to a reported case. Questionnaires were completed and 
specimens collected on 91% of the 23 co-workers. Transmission occurred only in the van- 
pool, where four (50%) of eight exposed adults developed apparent pertussis (one confirmed, 
one probable, and two possible cases). Active surveillance of an additional 32 persons in ad- 
joining offices in two of the workplace situations did not detect any additional cases. 

The possibility of secondary transmission by co-workers to members of their households 
was also studied. Questionnaires and specimens were obtained from 95% of the 37 house- 
hold members of co-workers; none developed clinical pertussis. However, no household had 
children with immunization histories of less than three doses of pertussis vaccine. Aside from 
the one culture-positive contact case in the vanpool, all culture and FA specimens from con- 
tacts were negative. 

Effectiveness of immunization recall. A search of the records of 18,059 children under 
2 years of age who had attended county public health clinics identified 2,301 (13%) children 
who were eligible for a DTP dose by the accelerated immunization schedule. Letters describ- 
ing the epidemic and urging immediate immunization were sent September 26-27 to parents 
of 2,211 (96%) of these children. During the next 2 weeks, 427 (19%) children received a 
DTP dose at the clinics. Supplementary telephone calls were then made over 2 days to 263 
(15%) of the remaining 1,784 nonrespondents selected by systematic interval sampling. 
During the following 2 weeks, 36 (14%) of those who received phone calls responded, com- 
pared to 163 (11%) of 1,521 of those who did not receive phone calls (p > 0.5). Including 
those who received phone calls, only 626 (28%) of the identified children returned to the clin- 
ics for immunization during the 4 weeks following the mailing. 

Using systematic interval sampling, 59 responders and 57 nonresponders were selected, 
and telephone interviews were conducted with their parents. While 57 (97%) of 59 parents of 
responders knew of the epidemic, only 10 (18%) of 55 credited the letter, and one (2%) of 55, 
the media, as the stimulus for bringing the child in for immunization. Among parents of non- 
responders, 53 (95%) of 56 knew of the epidemic. Households of nonresponders were more 
likely to have a primary wage-earner other than the father (p = 0.03), with a high school edu- 
cation or less (p = 0.05), a mother under 25 years old (p = 0.01), a longer travel time required 
to reach the clinic (p < 0.01), and a lower income (p < 0.05). Nonresponse was not associat- 
ed with race, household size, years at current address, or employment status of the person re- 
sponsible for taking the child for medical care. 
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Reported by M Haupt, D Marinig, S Sumida, PhD, Virginia-Mason Medical Center, S Helgerson MD, K John- 
son, MPH, J Boase, MS, L Kamahele, Seattle-King County Dept of Public Health, R Finger, MD, J Kobayashi, 
MD, State Epidemiologist, Washington Dept of Social and Health Svcs; Div of Field Svcs, Epidemiology 
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Program Office, Surveillance, Investigations, and Research Br, Div of Immunization, Center for Prevention 
Sves, CDC. 


Editorial Note: The 2,463 reported cases of pertussis in the United States in 1983 and the 
2.187 cases provisionally reported in 1984 are the largest annual numbers of reported cases 
since 1974 (1975-1984 annual average: 1,813 cases). Supplementary information on report- 
ed cases from 1979 to 1983 indicates that children under 6 months of age are at greatest risk 
of disease morbidity, severity, and mortality (7,2); 14% of patients in the Seattle-King County 
outbreak were under 6 months of age, of whom 45% were hospitalized. Because at least three 
doses of DTP are believed necessary for maximal protection, protecting this relatively im- 
mobile, high-risk age group that is too young to have received three doses of DTP depends pri- 
marily on preventing exposure to infection. Age-appropriate immunization of siblings and other 
contacts under 7 years of age lessens the risk of exposure for these infants. Presently, attempts 
to prevent transmission from older household members rely on early identification of cases 
and appropriate use of antibiotics to shorten the period of communicability. 


(Continued on page 399) 





TABLE |. Summary—cases of specified notifiable diseases, United States 


26th Week Ending Cumulative. 26th Week Ending 
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TABLE Il. Notifiable diseases of low frequency, United States 
Cum. 1985 
Anthrax - Leptospirosis lowe 1) 
Botulism: Foodborne (Wash 1, Alaska 2) 14 Plague 

infant (Ariz. 1) 23 Poliomyelitis Total 

Other Paralytic (N.Y. City 1) 
Brucellosis (Fila. 3, Miss. 1, Calif. 1) 57 Psittacosis (Ariz. 1, Calif. 1) 
Cholera - Rabies. human 
Cong rubella syndr - Tetanus 
Congenital syphuis. ages < 1 year 74 Trichinosis (Conn. 1) 
Owhthena 1 Typhus fever, flea-borne (endemic. murine) 























“Three of the 82 reported cases for this week were imported from a foreign country or can be directly traceable to a known internationally 
wmported case within two generations 
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TABLE III. Cases of specified notifiable diseases, United States, weeks ending 
June 29, 1985 and June 30, 1984 (26th Week) 


Encephalitis —" Hepatitis (Viral), by type 
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Cum Cum Cum c 
1985 | 1985 os we 
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TABLE III. (Cont’d.) Cases of specified notifiable diseases, United States, weeks ending 
June 29, 1985 and June 30, 1984 (26th Week) 
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“For measies only, imported cases includes both out-of-state and international importations 
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TABLE II1. (Cont’d.) Cases of specified notifiable diseases, United States, weeks ending 
June 29, 1985 and June 30, 1984 (26th Week) 





Toxic- Typhus F 
Syphilis (Civilian) a a Tula- Typhoid | Tick-borne) 
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TABLE IV. Deaths in 121 U.S. cities,“ week ending 


June 29, 1985 (26th Week) 





All Causes. By Age (Years) 
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“Mortality data in this table are voluntarily reported from 121 cities in the United States, most of which have populations of 100.000 or 
more. A death is reported by the place of its occurrence and by the week that the death certificate was filed Fetal deaths are not included 
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Individuals 7 years of age or older comprised 44% of the cases reported in this outbreak. 
Transmission of pertussis from older children and adults has previously been described (3-5). 
The true incidence rate of pertussis in these age groups and their relative importance in trans- 
mission is unknown. Pertussis in older children and adults may not be recognized, because the 
clinical presentation can be modified by previous immunizations and/or age (6). While adult- 
to-adult transmission may have played some role in perpetuating this outbreak, documented 
transmission occurred in only one of four workplace settings, and no spread to household 
contacts was shown, suggesting that adult-to-adult transmission was not common. 

Current laboratory methods to diagnose pertussis appear to be inadequate and may have 
impeded studies of pertussis transmission. While a positive culture of nasopharyngeal secre- 
tions in a symptomatic patient is diagnostically specific for pertussis disease, the sensitivity 
of culture results may be less because of inadequate specimen collection, prior antibiotic 
therapy, or delay in specimen collection beyond the first 3 weeks of iliness (7). The alterna- 
tive, FA testing of secretions, may provide a rapid presumptive diagnosis of pertussis in out- 
breaks in which Bordetella pertussis has been documented by culture, but it also may not be 
very sensitive. In addition, specificity of the FA test may suffer, because of the difficulties in 
interpretation and interreader variability (8). Thus, reliance on either culture or FA alone for 
the diagnosis of pertussis can potentially result in underdiagnosis and misdiagnosis of cases. 

The significance of asymptomatic FA-positive persons and their role in transmission in this 
outbreak is unknown. Although the absence of symptoms and lack of confirmation by culture 
suggest false-positive FA results, the clustering of FA-positive persons within households 
suggests the results may have truly identified persons harboring the organism. Earlier studies 
using culture and FA techniques reported few or no asymptomatic infections (9,70). New 
laboratory diagnostic tests, such as the enzyme-linked immunosorbent assay (ELISA), to eval- 
uate serum antibody responses (77) may have higher sensitivity and specificity for pertussis 
infection and may help to better define the epidemiology of pertussis and new methods of 
outbreak control. Using such an ELISA, one study reported asymptomatic B. pertussis infec- 
tions among 29 (46%) of 63 family members of symptomatic patients (72). 

The poor response to a communitywide immunization recall by mail and telephone in this 
outbreak, despite the availability of computerized immunization records, confirms the difficul- 
ty of using immunization recall as a method to control pertussis outbreaks (73). Since pertus- 
sis outbreaks are easier to prevent than control, efforts should be directed toward ensuring 
that the maximal number of children are up to date for DTP in accordance with the recom- 
mendations of the Immunization Practices Advisory Committee (74). 
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Dental Caries in American Indian and Alaskan Native Children 


A study conducted by the Indian Health Service (IHS) of the U.S. Public Health Service in 
1983-1984 showed that American Indian and Alaskan Native (Al/AN) children develop more 
tooth decay than the general population of U.S. schoolchildren (7). This study involved pa- 
tients seen in IHS dental clinics in the 11 geographic areas of the IHS, including Alaska. 
Among AI/AN children, an average of 6.8 decayed, missing due to caries, and/or filled perma- 
nent teeth (DMFT) was identified for approximately 5,800 children 5-19 years old. The Na- 
tional Caries Prevalence Survey (NCPS), conducted by the National Institute of Dental Re- 
search in 1979-1980, reported that 5- to 17-year-olds in the overall U.S. population had an 
average of 4.8 DMFT (2). 

Results from the IHS study indicate that 19% of 5- to 19-year-old dental patients were 
caries-free. By contrast, 37% of 5- to 17-year-olds from the NCPS were reported to be caries- 
free. Approximately 33% of Al/AN children treated in dental offices had seven or more DMFT; 
15% of other U.S. children had the same rate. On average, 12-year-old Al/AN children had 
6.5 DMFT, and by age 17 years, 11.9 DMFT. U.S. schoolchildren surveyed from a national 
random sample had 2.6 DMFT at 12 years and 6.3 DMFT at 17 years of age (Figure 2). Al- 
though the 1990 U.S. Public Health Service objective stating that 40% of 9-year-old children 
should be caries-free (3) has been achieved (51% reported from NCPS), 2.3% of Al/AN chil- 
dren of the same age group were reported as caries-free from the IHS study. 

Severe, rampant tooth decay caused by prolonged bottle feeding (milk, formula, juices, or 
sweetened beverages) of infants and young children is called nursing-bottle caries. Based on 
the characteristic dental caries pattern of nursing-bottle caries (affecting the upper front pri- 
mary teeth and, frequently, the back teeth), up to 50% of Al/AN preschool-aged children who 
seek dental services suffer from this disease. Eighteen percent of preschool-aged Al/AN chil- 
dren (under 5 years old) had caries-free primary teeth, while over 40% had seven or more 
decayed and/or filled primary teeth (DFT). Children with nursing-bottle caries had almost four 
times the amount of tooth decay as those children who had not had nursing-bottle caries. 
Reported by Indian Health Svc; Dental Disease Prevention Activity, Center for Prevention Svcs, CDC. 
Editorial Note: Although major differences in the sampling methods make direct compari- 
sons of the IHS data with the NCPS data difficult, the higher incidence of tooth decay in 
AI/AN children cannot be explained by these differences alone. Also, since infrequent users of 
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the IHS-care system who were studied had as much dental decay as more frequent users, the 
sampling methodology in itself may not account for the major differences in caries prevalence 
between the Al/AN population and the general U.S. population. The differences in data collec- 
tion indicate the need for standardization of surveillance methods and reporting of data. 
Because the IHS data were collected from a sample of dental patients, they do not 
necessarily represent the actual dental caries prevalence among all Al/AN children. The magni- 
tude of dental caries in these children remains a serious problem. IHS and Native American 
communities are placing increased emphasis on both the extent and quality of dental caries 
prevention activities, which include: community water fiuoridation, supplemental fluorides, 
and pit and fissure sealants. The IHS anticipates that future surveys will reflect the impact of 
these activities by a decrease in caries prevalence. The IHS is also increasing its emphasis on 
the prevention of nursing-bottle caries by educating health professionals and parents. 
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Neurologic Findings among Workers 
Exposed to Fenthion in a Veterinary Hospital — Georgia 


in July 1983, a neurologist in Georgia saw a patient who complained of shooting pains, 
muscle weakness, and numbness. The patient worked at a veterinary hospital (hospital A). 
The National Institute for Occupational Safety and Health (NIOSH) was asked to determine 
whether these symptoms were caused by occupational exposures (7). investigators inter- 
viewed all eight workers in hospital A, performed medical examinations, including neurologic 
examinations, on seven, and collected blood samples for cholinesterase levels. They visited 
hospital A, reviewed work practices and working conditions, and inventoried all chemicals 
used there. In addition, they conducted a telephone survey of three other veterinary hospitals 
in the area to assess whether their workers had similar complaints and to compare work prac- 
tices among the hospitals. 

Medical examinations revealed that two additional workers at hospital A experienced 
multiple shooting pains, muscle weakness, back pain, and numbness; another had expe- 
rienced occasional “shooting pain” in the back, and a fourth complained of rare numbness 
and tingling of the hands and feet at night. Neurologic examinations revealed that the most 
severely ill employee had ocular muscle weakness and was unable to maintain upward gaze. 
This veterinary assistant also had decreased sensation to light touch below the left knee. Oth- 
erwise, the neurologic findings were unremarkable. Results of tests of plasma and red blood 
cell cholinesterase activity were within the normal range for all workers tested, including the 
most severely ill worker. 

Investigators noted 22 different preparations of insecticide dips, shampoos, pills, powders, 
and sprays used in or dispensed by hospital A. These products contained 12 types of pesti- 
cides. Employees took no special precautions to avoid skin contact with these materials, 
except one animal groomer who wore gloves and a dust mask when working with certain dips. 

The telephone survey of three other veterinary hospitals in the area revealed no reports of 
similar ilinesses among 20 employees. However, a difference in work practices was identified; 
in hospital A, an organophosphate insecticide, fenthion, was frequently used. In contrast, 
fenthion was used infrequently or not at all at the other hospitals surveyed. No other notable 
differences in work practices were identified. In hospital A, a 20% solution of fenthion was 
routinely applied topically to dogs in the hospital to control infestation with fleas. Investigators 
determined that affected workers frequently came in heavy contact with fenthion. 

The investigators recommended that use of fenthion be discontinued and alternative insec- 
ticides be selected. They also recommended limiting skin contact with all pesticides as much 
as possible. Since discontinuing exposure to fenthion, both individuals who were most severe- 
ly affected have gradually improved. 

Reported by RL Metcalf, MD, Dept of Entomology, University of Illinois, Urbana; CE Branch, MD, North- 
east Georgia Medical Center, Gainesville, TR Swift, MD, Medical College of Georgia, Augusta, RK Sikes, 
DVM, State Epidemiologist, Georgia Dept of Human Resources; Hazard Evaluations and Technical Assis- 


tance Br, Div of Surveillance, Hazard Evaluations, and Field Studies, National Institute for Safety and 
Health, CDC. 


Editorial Note: The pesticide, fenthion (0,0-dimethy1-0-[4-(methyithio)-m-tolyl] phospho- 
rothiolate), is readily absorbed through the skin; it is highly fat soluble and has prolonged bio- 
logic effects (2,3). in very limited studies, neurotoxicity has been demonstrated in hens (4,5). 

In humans and in experimental animals, chronic exposure to organophosphates has been 
shown to cause various forms of nerve damage. Organophosphate-induced delayed neurop- 
athy usually occurs 8-14 days after exposure to organophosphate compounds (6,7). The 
mixed sensory-motor neuropathy usually begins in the legs, first causing burning or tingling 
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sensations, then weakness of the lower legs and feet. The thighs and arms also become in- 
volved. Severe cases proceed to complete paralysis, impaired respiration, and death. Confu- 
sion, headache, disorientation, and altered mental and emotional states have also been report- 
ed. The nerve damage of organophosphate-induced delayed neuropathy is usually permanent. 
Although organophosphate-induced delayed neuropathy has been reported after exposure to 
many compounds containing phosphorus-esters, none of the compounds to which workers 
were exposed in hospital A are commonly recognized as causing it. Therefore, because of the 
above investigation, it would appear prudent to add fenthion to the list of agents thought 
capable of producing this syndrome. 

An estimated 30,000 veterinarians are in private practice in the United States, and they 
employ an additional 45,000 support personnel. It is not known how many use fenthion or 
other organophosphate insecticides in the manner described here. However, because of the 
apparent association of symptoms specifically with fenthion, and because of scientific infor- 
mation currently available on the neurotoxicity of other organophosphates, NIOSH reiterates 
its previous recommendation that skin contact with all pesticides, including fenthion, be limit- 
ed as much as possible (8). 
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FIGURE |. Reported measies cases — United States, weeks 22-25, 1985 
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